Hu et al. Critical Care 2014, 18:R109 
httpy/ccforum.com/content/l 8/3/R1 09 



CRITICAL CARE 



RESEARCH Open Access 



The effect of prone positioning on mortality in 
patients with acute respiratory distress syndrome: 
a meta-analysis of randomized controlled trials 

Shu Ling Hu, Hong Li He, Chun Pan, Ai Ran Liu, Song Qiao Liu, Ling Liu, Ying Zi Huang, Feng Mei Guo, Yi Yang 
and Hai Bo Qiu" 



Abstract 

Introduction: Prone positioning (PP) has been reported to improve the survival of patients with severe acute 
respiratory distress syndrome (ARDS). However, it is uncertain whether the beneficial effects of PP are associated 
with positive end-expiratory pressure (PEEP) levels and long durations of PP. In this meta-analysis, we aimed to 
evaluate whether the effects of PP on mortality could be affected by PEEP level and PP duration and to identify 
which patients might benefit the most from PP. 

Methods: Publications describing randomized controlled trials (RCTs) in which investigators have compared prone 
and supine ventilation were retrieved by searching the following electronic databases: PubMed/MEDLINE, the 
Cochrane Library, the Web of Science and Elsevier Science (inception to May 2013). Two investigators 
independently selected RCTs and assessed their quality. The data extracted from the RCTs were combined in a 
cumulative meta-analysis and analyzed using methods recommended by the Cochrane Collaboration. 

Results: A total of nine RCTs with an aggregate of 2,242 patients were included. All of the studies received scores 
of up to three points using the methods recommended by Jadad et al. One trial did not conceal allocation. This 
meta-analysis revealed that, compared with supine positioning, PP decreased the 28- to 30-day mortality of ARDS 
patients with a ratio of partial pressure of arterial oxygen/fraction of inspired oxygen <100 mmHg (n = 508, risk ratio 
(RR) = 0.71, 95 confidence interval (CI) = 0.57 to 0.89; P= 0.003). PP was shown to reduce both 60-day mortality 
(n = 51 8, RR = 0.82, 95% CI = 0.68 to 0.99; P = 0.04) and 90-day mortality (n = 51 6, RR = 0.57, 95% CI = 0.43 to 0.75; 
P< 0.0001) in ARDS patients ventilated with PEEP >10 cmH20. Moreover, PP reduced 28- to 30-day mortality when 
the PP duration was >12 h/day (n= 1,067, RR = 0.73, 95% CI = 0.54 to 0.99; P = 0.04). 

Conclusions: PP reduced mortality among patients with severe ARDS and patients receiving relatively high PEEP 
levels. Moreover, long-term PP improved the survival of ARDS patients. 



Introduction 

Acute respiratory distress syndrome (ARDS) is a common, 
serious condition of critically ill patients and a major cause 
of death in ICUs. Although numerous approaches have 
been employed to improve the effects of ventilation [1-3], 
including protective ventilator setting strategies and para- 
lytic agents, the reported mortality rate of ARDS patients 
continues to be as high as 40% [4]. The high resource 
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consumption associated with this severe disease results in 
a heavy burden to society. 

Prone positioning (PP) is a relatively simple method that 
has been shown to improve gas exchange and oxygenation 
in ARDS patients [5,6]. Several mechanisms [7-10] have 
been suggested to explain these effects: (1) improvement in 
regional ventilation, (2) redistribution of perfusion mainly 
related to the horizontal axis, (3) greater homogeneity of 
ventilation/perfusion ratios, (4) recruitment of perfused tis- 
sue from dorsal regions that exceeds ventral derecruitment 
and (5) increases in lung volume and alveolar recruitment 
due to unloading of diaphragmatic movement in the prone 
position. However, during the past few years, no significant 
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changes in the mortality rate of ARDS patients have been 
observed, despite improvements in oxygenation [5,6]. 

More recently, researchers in several studies have 
shown that PP can improve the survival of patients with 
severe hypoxemic ARDS [11-13]. It has also been sug- 
gested that long durations of PP should be applied in 
ARDS patients with low lung recruitability [9,11,12]. In 
addition, ventilator settings, particularly PEEP levels, may 
have an impact on the effects of PP [14]. Therefore, in this 
meta-analysis, we aimed to evaluate whether the effects of 
PP on mortality could be affected by PEEP levels and by 
the PP duration, as well as which patients might benefit 
the most from PP. 

Methods 

Data sources and search strategies 

Reports of randomized controlled trials (RCTs) of PP in 
ARDS patients were retrieved by searching the following 
data sources: PubMed/MEDLINE, the Cochrane Library, 
the Web of Science and Elsevier Science (inception to 
May 2013). The following keywords were used: ("prone 
position" OR "body posture" OR "body position" OR 
"prone positioning") AND ("acute respiratory distress 
syndrome" OR "lung injury" OR "respiratory failure" OR 
"ALI" OR "ARDS"). Adult and pediatric populations 
were included in this literature search, and we restricted 
the literature language to English. 

Study selection 

Two investigators assessed the retrieved studies, and they 
included the titles, abstracts and citations independently for 
possible consideration. The reviewers evaluated the studies 
for inclusion based on the criteria presented below, and 
they resolved any differences by consensus. The investiga- 
tors selected the retrieved studies that fulfilled the inclu- 
sion and exclusion criteria. Because this is a meta-analysis 
of previously published studies, no ethical approval or 
patient consent was required. 

Inclusion criteria 

Studies were included if the following criteria were present: 
(1) the study was a trial comparing only the prone position 
with the supine position in patients with acute respiratory 
failure, acute lung injury or ARDS; (2) the definition of 
ARDS or the diagnostic criteria for ARDS were similar; (3) 
the study was a clinical RCT; (4) 28- to 30-day mortality 
data were available or ICU mortality, 60-day mortality or 
90-day mortality was presented; and (5) the numbers of 
patients in the prone and supine positions were provided. 

Exclusion criteria 

Studies were excluded from the meta-analysis according 
to the following exclusion criteria: (1) the article was an 
editorial, review, letter or other type of publication not 



based on original research; (2) the full text was unavail- 
able; (3) the study did not include extractable outcomes 
or mortality data; (4) the study was not an RCT; (5) the 
trial did not use supine positioning (SP) as a control (for 
example, the lateral position was used as a control); and 6) 
the trial applied significantly different adjunct interven- 
tions to the prone position and supine position groups 
(for example, the supine position group received high- 
frequency oscillatory ventilation, but the prone position 
group did not). 

Quality assessment 

Two of the researchers (SLH and HLH) independently 
evaluated the methodological quality of each trial using a 
5-point scale described by Jadad et al [15]. This instru- 
ment was used to assess the following three aspects: (1) 
the use of randomization, (2) the use of blinding and (3) 
the handling of withdrawals and dropouts. The same two 
researchers inspected the details of the randomization 
methods by assessing the quality of the allocation conceal- 
ment (adequate, uncertain, inadequate or not used) accor- 
ding to the criteria of the Cochrane Collaboration [16]. 

Data extraction 

Our primary outcome was 28- to 30-day mortality. The 
secondary outcomes were ICU mortality, 60-day mortality 
and 90-day mortality. We abstracted the main informa- 
tion, including the numbers of patients in the prone and 
supine positions, the partial pressure of arterial oxygen/ 
fraction of inspired oxygen (P/F) threshold ratio for pa- 
tient enrollment, the application of PEEP, the PP duration 
and the nonsurviving populations in the prone and supine 
positions. Additional information was extracted, such as 
age, sex, ICU length of stay, days on mechanical ventila- 
tion (MV), number of consecutive days of PP, number of 
cases of organ dysfunction, plateau pressure and tidal 
volume (Vt). The two researchers (SLH and HLH) in- 
dependently extracted all of the data. Disagreements 
between the two investigators were resolved by discussion 
and consensus, and a third party was involved in this 
procedure when necessary. 

Data analysis and statistical methods 

The K statistic was used to assess agreement between the 
evaluators regarding trial selection and methodological 
quality assessment. The meta-analysis of the effects of PP 
on mortality in ARDS patients was conducted according 
to methods recommended for use with the Cochrane Col- 
laborations RevMan software, version 5.2.3 (The Nordic 
Cochrane Center, Rigshospitalet, Copenhagen, Denmark). 
Statistical heterogeneity and inconsistency were measured 
and quantified using the Mantel-Haenszel (M-H) test 
and the / test of heterogeneity in RevMan. Obvious het- 
erogeneity was predefined at P < 0.05 by Mantel-Haenszel 
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test or f > 50%. In cases of significant heterogeneity 
{P < 0.05 or f > 50%), a random-effects model was used; 
otherwise, a fixed-effects model was applied. We report 
risk ratios (RRs) with 95% confidence intervals (CIs) for 
the dichotomous data and weighted mean differences with 
95% CIs for the continuous data. Publication bias was 
evaluated by visual inspection of funnel plots. Because 
only nine studies were included in the meta-analysis, a lin- 
ear regression test of funnel plot asymmetry (Egger s test) 
[17] could not be performed. 

Results 

Search results 

We identified 803 potentially relevant articles from among 
442 listed in PubMed/Medline, 28 in the Cochrane Library, 
276 in the Web of Science and 57 in Elsevier Science. We 
retrieved 31 citations for detailed evaluation. Ultimately, 
nine prospective RCTs, including one pediatric study [18], 
fulfilled the inclusion criteria and were included in the 
cumulative meta-analysis. Figure 1 shows a flowchart of 
the studies that were assessed and excluded at different 
stages of the review. 

Trial characteristics and methodological quality 

The included studies were published from 2001 to 2013 
and enrolled an aggregate of 2,242 patients, including 
1,150 patients in the prone position and 1,092 in the 
supine position. Table 1 and Additional file 1: Table SI 
present the characteristics of all of the included patients. 
Basic information about the P/F thresholds for enroll- 
ment, PEEP levels, PP durations and Vt levels in each 
included trial was examined. Moreover, we recorded 
data on the primary outcomes (28- to 30-day mortality) 
of patients with P/F < 300 mmHg and the subgroups 
of patients with P/F < 100 mmHg and 100 mmHg < P/F < 
200 mmHg. In addition, data on secondary outcomes. 



including 60-day mortality, 90-day mortality and ICU 
mortality in patients with P/F < 300 mmHg, were assessed. 
Other information is shown in Additional file 1: Table SI, 
including age, sex, ICU length of stay, days on MV, 
number of consecutive days of PP, number of cases of 
organ dysfunction, plateau pressure and Vt. In addition, 
we noted the number of ARDS patients with direct lung 
injuries caused by pneumonia, aspiration, pulmonary con- 
tusion and other lung diseases, but not sepsis, shock, 
coma or postoperative causes. 

Various P/F thresholds were used for patient enroll- 
ment, as Table 1 shows. In seven of the nine trials, 
investigators enrolled patents with P/F < 300 mmHg 
[14,18-20,22,23]. In the trial by Guerin et al [13], P/F 
was limited to <150 mmHg. Mancebo et al [21] screened 
patents with P/F < 200 mmHg, as did Taccone et al [24] . 
Furthermore, the included trials applied different PEEP 
levels and PP durations. The PEEP levels in the included 
trials ranged from 7 to 13 cmH20. The PEEP levels in 
three studies— by Gattinoni et al [19], Guerin et al [14] 
and Curley et al [18]— were relatively low (<10 cmH20) 
compared with those assessed in the others. Similarly, the 
PP duration varied from 7 to 24 h/day. In the studies by 
Gattinoni et al [19], Guerin et al [14] and Voggenreiter 
et al [20], the patients were ventilated for markedly shorter 
PP durations (7 to 11 h/day) compared with patients in the 
other trials (17 to 24 h/day). 

Additional file 2: Table S2 presents detailed information 
about the quality assessment of the included studies, in- 
cluding the Jadad score and the results of allocation con- 
cealment. All of the studies received scores of three points 
using the methods recommended by Jadad et al Eight of 
the nine trials concealed allocation, and the other [22] did 
not. There were no obvious disagreements between the 
two reviewers (k = 0.25) during the trial selection process 
or the methodological quality assessment. 



Potentially relevant articles 
(n=803) 



Articles requiring for further 
review (n=31) 



Studies with data on 
mortality (n=ll) 



Studies included in the 
meta-analysis (n=9) 



Excluded (n=772): 
•Duplicate articles (n=62) 
•Review (n= 1 7 1 ) 
•Letter (n=5 5) 

•No comparison between prone 
and supine (n=159) 
•Not controlled (n=147) 
•Not randomized (n=l 78) 
•Not an original study (n=4 1 2) 



Excluded (n^O): 

•Not controlled (n=7) 

•Not randomized (n=9) 

•No comparison between prone 

and supine (n^) 



•No needed outcomes (n=l) 
•No extractable data (n=l) 



Figure 1 Flowchart of the meta-analysis. 



Quantitative data synthesis 

PP decreased mortality in severe ARDS, but not in mild to 
moderate ARDS 

As shown in Table 1, for ARDS patients with P/F < 
300 mmHg, 28- to 30-day mortality rates were reported 
in seven trials, 60-day and 90-day mortality rates were 
reported in four trials and ICU mortality was reported 
in three trials. The results of our meta-analysis show 
that, among ARDS patients with P/F < 300 mmHg, there 
were no significant differences between the prone position 
and supine position groups with regard to 28- to 30-day 
mortality (a? = 2,162, RR = 0.86, 95% CI = 0.69 to 1.07; 
P = 0.18;) (Figure 2), 60-day mortality {n = 822, RR = 0.92, 
95% CI = 0.81 to 1.05; P = 0.21) (see Additional file 3: 
Figure S7), 90-day mortality {n = 1,600, RR = 0.85, 95% 
CI = 0.62 to 1.18; P = 0.33) (see Additional file 4: Figure S8) 
or ICU mortality {n = 785, RR = 0.92, 95% CI = 0.79 to 1.08; 



Table 1 Characteristics of the included patients^ 



Trial Gattinoni et al., Guerin et al., Voggenreiter et al., Curley et al., Mancebo et al., Chan et al., Fernandez et al., Taccone et al., Guerin et al., 





2001 [19] 


2004 [14] 


2005 [20] 


2005 [18] 


2006 [21] 


2007 [22] 


2008 [23] 


2009 [24] 


2013 [13] 


Design 


RCT 


RCT 


RCT 


RCT 


RCT 


RCT 


RCT 


RCT 


RCT 


P/F for enrollment (mmHg) 


300 


300 


300 


300 


200 


300 


300 


200 


150 


Total number of included patients 


304 


791 


40 


101 


136 


22 


40 


342 


466 


PEEP level (cmHjO) 


9 


7 


11 


9 


12 


13 


11 


11 


10 


Duration of PP (h/day) 


7.0 


8.5 


11 


20 


17 


24 


>20 


>20 


17 


Vt (ml/kg) 


10 


8 


6-8 


7 


8 


7 


7 


7 


6 


28- to 30-day mortality in 
P/F < 100 mmHg 
group (P in/N), S (n//V)) 


NA^ 


NA 


NA 


NA 


22/43,21/29 


NA 


NA 


28/74, 35/76 


25/121, 41/121 


28- to 30-day mortality in 
1 00 < P/F < 200 mmHg group 
(P {n/Nl S [n/N]) 


NA 


NA 


NA 


NA 


11/33, 14/31 


NA 


NA 


24/94, 22/98 


13/116, 34/108 


28- to 30-day mortality in 
P/F < 300 mmHg 
group (P in/N), S {n/N)) 


74/152, 70/152 


134/413, 119/378 


NA 


4/51,4/50 


30/76, 32/60 


7/11, 7/11 


NA 


52/168, 57/174 


38/237, 75/229 


60-day mortality in P/F < 300 mmHg 
group (P in/N), S {n/N)) 


95/152, 89/152 


NA 


NA 


NA 


22/76, 28/60 


NA 


8/21, 10/19 


79/168, 91/174 


NA 


90-day mortality in P/F < 300 mmHg 
group (P in/N), S {n/N)) 


89/152, 84/152 


179/413, 159/377 


1/21,3/19 


NA 


NA 


NA 


NA 


NA 


56/237, 94/229 


ICU mortality in P/F < 300 mmHg 


77/152, 73/152 


NA 


NA 


NA 


33/76, 35/60 


NA 


NA 


64/168, 73/174 


NA 



group (P {n/N), S {n/N)) 



^ARDS, Acute respiratory distress syndrome; MV, Mechanical ventilation; N, Total number In group; n, Number of deaths; NA, Not available; P, Prone; P/F, Ratio of partial pressure of arterial oxygen to fraction of inspired 
of oxygen; PEEP, Positive end-expiratory pressure; S, Supine; Vt, Tidal volume. "^Data not supplied in primary article. 
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study or Subgroup 



PP SP 
Events Total Events Total Weight 



Risk Ratio 
{. Random. 95% CI 



2.17.1 PJF OOOmmHg 



Chan_2007 


7 


11 


7 


11 


4.9% 


1.00 [0.53.1.88] 


Curly_2005 


4 


51 


4 


50 


1.5% 


0.98 [0.26. 3.71] 


Gattinoni_2001 


74 


152 


70 


152 


11.3% 


1.06 [0.83.1.34] 


Guerin_2004 


134 


413 


119 


378 


12.0% 


1.03 [0.84. 1.26] 


Guerin_2013 


38 


237 


75 


229 


9.1% 


0.49 [0.35. 0.69] 


Mancebo_2006 


30 


76 


32 


60 


8.7% 


0.74 [0.51. 1.07] 


Taccone_2009 


52 


168 


57 


174 


9.8% 


0.94 [0.69! 1.29] 


Subtotal (95% CI) 


1108 




1054 


57.2% 


0.86 [0.69, 1.07] 


Total events 


339 




364 








Heterogeneity: Tau'= 0.05; Chi' 


= 1 6.87. df = 6 (P = 0.01 0); l'= 64% 




Test for overall effect: 2 = 


1.33 (P 


= 0.18) 










2.17.2 100<P)F<200mmHg 












Curly_2005 


3 


22 


2 


19 


1.0% 


1.30 [0.24. 6.96] 


Guerin_2013 


13 


116 


34 


108 


5.4% 


0.36 [0.20. 0.64] 


Mancebo_2006 


11 


33 


14 


31 


5.0% 


0.74 [0.40. 1.37] 


Taccone_2009 


24 


94 


22 


98 


6.4% 


1.14 [0.69! 1.88] 


Subtotal (95% CI) 




265 




256 


17.7% 


0.72 [0.39, 1.341 


Total events 


51 




72 








Heterogeneity: Tau'= 0.25; Chi' 


= 9.31.df 


= 3(P = 0.03); l'=68% 




Test for overall effect: Z = 


1.04 (P 


= 0.30) 










2.17.3 P;F<100mmHg 














Curly_2005 


1 


22 


2 


22 


0.5% 


0.50 [0.05. 5.12] 


Guerin_2013 


25 


121 


41 


121 


7.6% 


0.61 [0.40.0.94] 


Mancebo_2006 


22 


43 


21 


29 


8.6% 


0.71 [0.49.1.02] 


Taccone_2009 


28 


74 


35 


76 


8.4% 


0.82 [0.56.1.20] 


Subtotal (95% CI) 




260 




248 


25.1% 


0.71 [0.57, 0.891 


Total events 


76 




99 








Heterogeneity: Tau'= 0.00; Chi' 


= 1.15. df 


= 3(P = 0.76); l'=0% 




Test for overall effect: Z = 


2.96 (P 


= 0.003) 










Total (95% CI) 


1633 




1558 


100.0% 


0.79 [0.67, 0.941 


Total events 


466 




535 








Heterogeneity: Tau'= 0.05; Chi' 


= 31 .79. df = 1 4 (P = 0.004); 1' = 56% 


Test for overall effect: Z = 


2.69 (P 


= 0.007) 










Test for subarouo differences: Chi' = 1 .39. df = 


2(P = 


0.50). I'=0% 





Risk Ratio 
M-H. Random. 95% CI 



I h- 

0.1 0.2 



0.5 1 2 5 
Favours [PP] Favours [SP] 



10 



Figure 2 Meta-analysis of the effect of prone positioning on 28- to 30-day mortality in acute respiratory distress syndrome patients 
related to the ratio of partial pressure of arterial oxygen/fraction of inspired oxygen. The evidence gathered in our meta-analysis shows 
obvious heterogeneity, which was measured using the Mantel-Haenszel (M-H) test (P = 0.004) and the heterogeneity test (/^ = 56%). A 
random-effects model was used. The z-test result for overall effects was not statistically significant (P = 0.007). In the <300 mmHg ratio of partial 
pressure of arterial oxygen/fraction of inspired oxygen (P/F) subgroup, the z-test for overall effects was not statistically significant (P = 0.18). In the 
subgroup of patients with P/F ratios between 100 and 200 mmHg, the z-test result for overall effects was not statistically significant (P = 0.30). In 
the subgroup of patients with P/F < 100 mmHg, the z-test result for overall effects was statistically significant (P = 0.003). "Weight" is the contribution of 
each study to the overall risk ratio. CI, Confidence interval; 12, Percentage of total variation across studies from between-study heterogeneity rather than 
by chance; PP, Prone positioning; SP, Supine positioning. 



P = 0.31) (see Additional file 5: Figure S9). The fiinnel plot 
indicates the presence of publication bias following fiannel 
plot analysis (see Additional file 6: Figure SI, Additional 
file 7: Figure S2 and Additional file 8: Figure S3), but we 
found no obvious publication bias in the meta-analysis of 
ICU mortality (see Additional file 9: Figure S4). 

Moreover, subgroup meta-analyses were performed to 
determine the effect of PP on specific groups of patients. 
In four trials, the investigators reported 28- to 30-day 
mortality rates of patients with P/F < 100 mmHg, and 
patients with P/F between 100 and 200 mmHg were 
included in the subgroup meta-analysis. The subgroup 
meta-analysis showed that PP decreased the 28- to 30- 
day mortality of patients with P/F < 100 mmHg {n = 508, 
RR = 0.71, 95% CI = 0.57 to 0.89; P = 0.003) (Figure 2). 
There was no significant difference between the prone 
position and supine position groups regarding 28- to 30- 
day mortality of patients with P/F ratios between 100 



and 200 mmHg (n = 521, RR = 0.72, 95% CI = 0.39 to 
1.34; P = 0.30) (Figure 2). Because of the unavailability of 
data, it was impossible to perform analyses to assess 
the effects of PP on 60-day, 90-day and ICU mortaUty 
among ARDS patients with P/F ratios between 100 and 
200 mmHg and among ARDS patients with P/F < 
100 mmHg. 

PP reduced 60-day and 90-day mortality in ARDS patients 
ventilated with relatively high PEEP 

We included in our meta-analysis seven trials in which 
28- to 30-day mortality was reported, three trials in 
which 60-day mortality was reported and four trials in 
which 90-day mortality was reported (Table 1), with PEEP 
thresholds as high as 10 cmH20. Although we found 
no significant difference in 28- to 30-day mortality {n = 966, 
RR = 0.75, 95% CI = 0.53 to 1.04; P = 0.09) (Figure 3), 
we did find significant differences in both 60-day 



Hu et al. Critical Care 2014, 18:R109 
httpy/ccforum.com/content/l 8/3/R1 09 



Page 6 of 10 



Stuctv or Suhgroun 



PP 

Events Total 



SP 
Events 



Total Weight 



Risk Ratio 
MH. Random. 95% CI 



2.19.1 10cmKO<PEEP<13cmH,O 



Chan_2007 7 11 

Guerin_2013 38 237 

Mancebo_2006 30 76 

Taccone_2009 52 168 

Subtotal (95% CI) 492 

Total events 1 27 
Heterogeneity: Tau'= 0.08; Chi'= 8.92. df 

Test for overall effect: Z = 1 .71 (P = 0.09) 



7 
75 
32 
57 

171 

3(P: 



11 
229 
60 
174 
474 



8.4% 
15.9% 
15.2% 
17.1% 
56.6% 



0.03); l'=66% 



2.19.2 PEEP<10 cmH^O 
Curly_2005 4 51 

Gattinonl_2001 74 152 

Guerin_2004 134 413 

Subtotal (95% CI) 616 
Total events 212 
Heterogeneity: Tau'= 0.00; Chi== 0.03. df 
Test for overall effect: Z = 0.51 (P = 0.61 ) 

1108 



4 

70 
119 

193 
2(P = 



50 
152 
378 
580 



0,98); 



2.6% 
19.8% 
21.0% 
43.4% 

= 0% 



1.00 [0.53. 1.88] 
0.49(0.35. 0.69] 
0.74 [0.51.1.07] 
0.94 [0.69.1.29] 
0.75 [0.53, 1.04] 



0.98 (0.26. 3.71] 
1.06 [0.83. 1.34] 

1.03 [0.84. 1.26] 

1.04 [0.89,1.211 



1054 100.0% 



Total (95% CI) 

Total events 339 364 

Heterogeneity: Tau== 0.05; Chi»= 16.87. df= 6 (P = 0.01 0); l'= 64% 

Test for overall effect: Z = 1 .33 (P = 0.1 8) 

Test for subarouD differences: Chi*= 3.14. df= 1 (P = 0.08). I'= 68.2% 



0.86 [0.69, 1.071 



Risk Ratio 
M-H. Random. 95% CI 



0.1 0.2 0.5 1 2 5 
Favours [PP] Favours [SP] 



10 



Figure 3 Meta-analysis of the effect of prone positioning on 28- to 30-day mortality related to positive end-expiratory pressure in 
acute respiratory distress syndrome patients. The evidence we gathered shows obvious heterogeneity, which we calculated using the 
Mantel-Haenszel (M-H) test (P = 0.01) and an F test {F = 64%). A random-effects model was used. The z-test result for overall effects was not 
statistically significant (P = 0.18). In the subgroup of patients with positive end-expiratory pressure (PEEP) < 10 cmH20, the z-test result for overall 
effects was not statistically significant (P = 0.61). In the subgroup of patients with PEEP values between 10 and 13 cmH20, the z-test result for 
overall effects was statistically significant (P = 0.09). "Weight" is the contribution of each study to the overall risk ratio. CI, Confidence interval; F, 
percentage of total variation across studies from between-study heterogeneity rather than chance; PP, Prone positioning; SP, Supine positioning. 



mortality {n = 5lS, RR = 0.82, 95% CI = 0.68 to 0.99; 
P = 0.04) (Figure 4) and 90-day mortality {n = 506, 
RR = 0.57, 95% CI = 0.43 to 0.75; P < 0.0001) (Figure 5) 
between the prone position and supine position groups 
with 10 cmH20 < PEEP < 13 cmH20. We found no 
significant differences in either 28- to 30-day mortality 
(^ = 1,196, RR= 1.04, 95% CI = 0.89 to 1.21; P = 0.61) 
(Figure 3) or 90-day mortality (f? = 1,094, RR = 1.04, 
95% CI = 0.92 to 1.18; P = 0.56) (Figure 5) between 
the prone position and supine position groups with 
PEEP < 10 cmH20. No obvious publication bias was 
found (see Additional file 10: Figure S5), except for 
the subgroup analysis of 90-day mortality related to 
PEEP (see Additional file 11: Figure S6). Because of 
insufficient data, we did not analyze the effects of PP on 



ICU mortality of patients with 10 cmH20 < PEEP < 13 
cmH20 or PEEP < 10 cmH20. 

PP reduced 28-day to 30-day mortality when PP duration 
was longer than 12 hours/day 

We included in the meta-analysis seven trials in which 
the investigators reported 28- to 30-day mortality, which 
we stratified according to PP duration, with a thresh- 
old of 12 h/day. The funnel plots (see Additional file 6: 
Figure SI) indicate a possible publication bias. No sig- 
nificant differences were found in 28- to 30-day mortality 
between the PP and SP groups when the PP duration 
was <12 h/day (a2 = 1,095, RR = 1.04, 95% CI = 0.89 to 
1.22; P = 0.60) (Figure 6). Among patients with PP dura- 
tions >12 h/day, however, we found a significant decrease 
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Figure 4 Meta-analysis of the effect of prone positioning on 60-day mortality in acute respiratory distress syndrome patients with 
positive end-expiratory pressure >10 cmH20. No obvious heterogeneity was found using tlie Mantel-Haenszel (M-H) test (P = 0.31) and the 
F test {F = 15%). A fixed-effects model was used. The z-test result for overall effects was statistically significant (P = 0.04). "Weight" is the contribution of 
each study to the overall risk ratio. CI, Confidence interval; F, Percentage of total variation across studies from between-study heterogeneity rather than 
chance; PP, Prone positioning; SP, Supine positioning. 



Hu et al. Critical Care 2014, 18:R109 
httpy/ccforum.com/content/l 8/3/R1 09 



Page 7 of 10 



Stuctv or Subgroup 



PP SP Risk Ratio 

Events Total Events Total Weight M-H. Random. 95% CI 



Risk Ratio 
M-H. Random. 95% CI 



2.20.1 10cmH2O<PEEP<13cmH2O 

Guerin_2013 56 237 



1 



21 
258 



94 
3 



229 
19 
248 



29.8% 
2.1% 
31.9% 



Voggenreiter_2005 
Subtotal (95% CI) 
Total events 57 
Heterogeneity; Tau='= 0.00; Chi'= 0.33. df= 1 (P = 0.56); l== 0% 
Test for overall effect: Z = 4.02 (P < 0.0001 ) 



97 



2.20.2 PEEP<10 cmH^O 
Gattinoni_2001 89 152 

Guerin_2004 179 413 

Subtotal (95% CI) 565 
Total events 268 

Heterogeneity: Tau'= 0.00; Chl»= 0.06. df= 1 (P = 0.81); \- 
Test for overall effect: 2 = 0.62 (P = 0.53) 



84 
159 



243 



152 
377 
529 



33.4% 
34.8% 
68.1% 

= 0% 



0.58 [0.44.0.76] 
0.30(0.03. 2.66] 
0.57 (0.43, 0.751 



1.06 [0.87.1.29] 
1.03(0.87.1.21] 
1.04 10.92, 1.181 



Total (95% CI) 823 777 100.0% 0.8510.62,1.18] 

Total events 325 340 

Heterogeneity: Tau== 0.07; Chi== 1 6.1 3. df= 3 (P = 0.001); l== 81 % 
Test for overall effect: Z = 0.97 (P = 0.33) 

Test for subarouD differences: Chi== 15.34. df= 1 (P < O.OOOIV l'= 93.5% 



0.1 0.2 0.5 1 2 5 
Favours [PP] Favours (SP] 



Figure 5 Meta-analysis of the effect of prone positioning on 90-day mortality in acute respiratory distress syndrome patients related 
to positive end-expiratory pressure. The evidence we gathered shows obvious heterogeneity based on the results of the Mantel-Haenszel 
(M-H) test (P = 0.001) and the F test {F = 81%). A random-effects model was used. The z-test result for overall effects was statistically significant 
(P = 0.33) in the subgroup of patients with positive end-expiratory pressure (PEEP) levels >10 cmH20. In the PEEP <10 cmH20 subgroup, the z-test 
result for overall effects was not statistically significant (P = 0.53). In the subgroup of patients with PEEP levels between 10 and 13 cmH20, the 
z-test result for overall effects was statistically significant {P< 0.0001). "Weight" is the contribution of each study to the overall risk ratio. CI, 
Confidence interval; F, Percentage of total variation across studies from between-study heterogeneity rather than chance; PP, Prone positioning; SP, 
Supine positioning. 



in 28- to 30-day mortality in the PP group {n = 1,067, 
RR = 0.73, 95% CI = 0.54 to 0.99; P = Om) (Figure 6) 
compared with the SP group. The effects of PP on 
90-day and ICU mortaUty were not analyzed, owing 
to insufficient data. 



Discussion 

The first finding of our meta-analysis is that PP de- 
creases 28- to 30-day mortality in severe ARDS patients 
(defined as a baseline P/F < 100 mmHg), but not in mod- 
erate ARDS patients. These results confirm what was 
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Figure 6 Meta-analysis of the effect of prone positioning on 28- to 30-day mortality in acute respiratory distress syndrome patients 
related to the duration of prone positioning. The evidence we gathered shows obvious heterogeneity based on the results of the 
Mantel-Haenszel (M-H) test (P = 0.01) and the F test {F = 64%). A random-effects model was used. The z-test result for overall effects was not 
statistically significant (P = 0.15). In the subgroup of patients with prone positioning (PP) duration >12 h/day, the z-test result for overall effects 
was statistically significant (P = 0.04). In the subgroup of patients with PP duration <12 h/day, the z-test result for overall effects was statistically 
significant (P = 0.60). "Weight" is the contribution of each study to the overall risk ratio. CI, Confidence interval; F, Percentage of total variation 
across studies from between-study heterogeneity rather than chance; SP, Supine positioning. 
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suggested by a previous meta-analysis [12], which is that 
the main benefit of PP is observed in patients with 
P/F < 100 mmHg. This phenomenon has been suggested 
to be based primarily on the association between PP 
and a decreased risk of lung injury due to stress and 
strain forces [12,25]. Patients with severe ARDS are 
at the greatest risk of lung injury from shear and 
strain forces because of a low ratio of well-aerated lung 
tissues to poorly aerated or nonaerated lung tissues 
[12,26]. When a patient is placed in the prone position, 
the lung has greater homogeneity and stress and strain 
forces are decreased. 

The second finding of our meta-analysis is that PP 
reduced both 60- and 90-day mortality in the groups of 
ARDS patients who were ventilated with relatively high 
PEEP levels (10 cmH20 < PEEP < 13 cmH20). There are 
at least three possible explanations for this finding: (1) 
high PEEP levels might be merely a marker of severity, 
similar to the P/F ratio; (2) high PEEP levels might 
increase the risk of ventilator-associated lung injury in 
nonrecruitment conditions (increased hyperinflation); 
and (3) PP and PEEP might exert additive or synergetic 
protective effects. Cornejo et al [27] reported that PP 
enhanced the effects of high PEEP levels in terms of 
lung recruitment and reductions in cyclic recruitment/ 
derecruitment, whereas it prevented the negative impact 
of PEEP on tidal hyperinflation. Because ARDS is a 
heterogeneous syndrome, these possibilities are not mutu- 
ally exclusive. 

The third finding of our meta-analysis is that PP 
reduced 28- to 30-day mortality in ARDS patients with 
relatively long PP durations (defined as PP duration >12 
h/day). Researchers in several previous studies have 
suggested that PP duration should be considered when 
assessing the effects of PP, because alveolar recruitment 
in the prone position is a time-dependent event [28]. 
However, the results of other previous clinical investiga- 
tions have failed to confirm this finding [11]. The results 
of our present meta-analysis show that the mortality rate 
in the prone position group (129 (23.76%) of 543 patients) 
was significantly lower than that in the supine pos- 
ition group (208 (33.81%) of 565 patients), indicating 
that PP duration also played an important role in the 
survival advantage associated with PP. However, it is 
unclear whether this finding is due to a dose response 
to PP or whether a threshold daily PP duration is required 
to obtain a benefit. Moreover, we have no evidence 
indicating which patients benefited the most from 
long-term PP. 

Our meta-analysis has some limitations. It is likely that 
we did not include all of the evidence, because we limited 
our analysis to articles in the English-language literature. 
Another limitation is associated with the data that we 
obtained from the nine included trials. Some of the 



trials reported the duration of PP only with medians 
and interquartile ranges. We estimated the means and 
variances based on the medians, ranges and sizes of 
the trials using the formulas recommended by Hozo 
et al, [29]. In addition, we used the mean overall dur- 
ation of daily PP in each included trial in this trial- 
level analysis. This might have resulted in ecological 
bias [30]. The small sample size may also have been a 
limitation, especially in the subgroup analyses with 
few included patients. Moreover, the variability in the 
selection criteria for RCTs and sample size, the in- 
complete reporting of intervention intensity, the use 
of low-Vt ventilation and the absence of volume-out- 
come relationships in patients with ARDS may also 
be limitations. 

Conclusions 

Similar to a previous meta-analysis [12], our present 
study-level meta-analysis shows that PP significantly 
reduced mortality in severe ARDS patients. However, 
we found no demonstrated benefit of PP in patients 
with mild to moderate ARDS. The new contribution 
of our meta-analysis is the finding that PP decreased 
mortality in ARDS patients who received relatively 
high PEEP levels. Furthermore, we found that long- 
term PP reduced mortality in ARDS patients, indicat- 
ing that PP duration also plays an important role in 
the survival advantage of PP. It is unclear if this import- 
ance is a result of a dose response to PP or whether 
there existed a threshold daily PP duration required 
to obtain a benefit. The data we gathered suggest that 
PP <12 h/day is less likely to be beneficial to ARDS 
patients. 

Key messages 

• Patients with severe ARDS (defined as P/F 
ratio <100 mmHg) clearly benefit from PP. 

• There is no demonstrated benefit of PP in patients 
with mild to moderate ARDS. 

• Patients ventilated with a higher PEEP level 
(defined as PEEP >10 cmH20) also benefit 
from PP. Because the results of this study 
do not allow a definitive explanation for 
these findings, no firm recommendations 
can be made regarding the use of PP based 
on PEEP level. 

• In this study, we show that the PP duration 
matters. It is unclear whether this importance 
resulted from a dose response to PP or whether 
there existed a threshold daily PP duration that 
was required to obtain a benefit. The data 
suggest, however, that PP for <12 h/day is less 
likely to be beneficial to patients. 
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90-day mortality in ARDS patients with P/F <300 mmHg. 

Additional file 5: Figure S9. Meta-analysis of the effect of PP on ICU 
mortality in ARDS patients with P/F <300 mm Hg. 

Additional file 6: Figure SI. Funnel plot for meta-analysis of the effect 
of PP on 28- to 30-day mortality in ARDS patients related to P/F. 

Additional file 7: Figure S2. Funnel plot for meta-analysis of the effect 
of PP on 60-day mortality in ARDS patients with P/F <300 mmHg. 

Additional file 8: Figure S3. Funnel plot for meta-analysis of the effect 
of PP on 90-day mortality in ARDS patients with P/F <300 mmHg). 

Additional file 9: Figure S4. Funnel plot for meta-analysis of the effect 
of PP on ICU mortality in ARDS patients with P/F <300 mmHg. 

Additional file 10: Figure S5. Funnel plot for subgroup meta-analysis 
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Additional file 11: Figure S6. Funnel plot for subgroup meta-analysis 
of the effect of PP on 90-day mortality in ARDS patients related to PEEP. 



Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

SLH conducted the literature searches, study selection, data extraction and 
study quality assessment and also prepared the initial drafts of the 
manuscript and revised it according to advice from the other authors. 
HLH, ARL and CP reviewed abstracts, selected studies meeting the inclusion 
criteria, extracted data and assessed study quality. SLH, SQL and LL input 
data and performed the statistical analyses. YZH and FMG helped to 
synthesize data and provided methodological guidance on the use of 
RevMan 5.2.3 software. YY and HBQ were responsible for the design of the 
work and revised the manuscript for important intellectual content. 
All authors reviewed and approved the final manuscript. 

Acknowledgements 

The authors would like to thank Martha AQ Curley [18] for providing 
additional trial data and statistician Hui Jin for assistance with the subgroup 
meta-analysis. The authors are grateful for the financial support of the 
National Natural Science Foundation of China (grants 81070049, 81000828, 
81 1 70057 and 81 3701 80), the Ministry of Health of China (health research 
special funds for public welfare projects, fund 20120201 1) and the projects 
of Jiangsu province's medical key discipline (project 889-KJXW 11.3). 

Received: 26 September 2013 Accepted: 13 May 2014 
Published: 28 May 2014 

References 

1. Keszler M, Ryckman EC, McDonald JV Jr, Sweet LD, Moront MG, Boegli MJ, 
Cox C, Leftridge CA: A prospective, multicenter, randomized study of 
high versus low positive end-expiratory pressure during extracorporeal 
membrane oxygenation. J Pediatr 1992, 120:107-1 13. 

2. The Acute Respiratory Distress Syndrome Network: Ventilation with lower 
tidal volumes as compared with traditional tidal volumes for acute lung 



injury and the acute respiratory distress syndrome. N Engl J Med 2000, 
342:1301-1308. 

3. Santa Cruz R, Rojas Jl, Nervi R, Heredia R, Ciapponi A: High versus low 
positive end-expiratory pressure (PEEP) levels for mechanically ventilated 
adult patients with acute lung injury and acute respiratory distress 
syndrome. Cochrane Database Syst Rev 2013, 6, CD009098. doi:10.1002/ 
14651858. 

4. Shafeeq H, Lat I: Pharmacotherapy for acute respiratory distress 
syndrome. Pharmacotherapy 2012, 32:943-957. 

5. Tang R, Huang Y, Chen Q, Hui X, Li Y, Yu Q, Zhao H, Yang Y, Qiu H: The 
effect of alveolar dead space on the measurement of end-expiratory 
lung volume by modified nitrogen wash-out/wash-in in lavage-induced 
lung injury. Respir Care 2012, 57:2074-2081. 

6. Mutoh T, Guest RJ, Lamm WJ, Albert RK: Prone position alters the effect of 
volume overload on regional pleural pressures and improves hypoxemia 
in pigs in vivo. Am Rev Respir Dis 1992, 146:300-306. 

7. Pelosi P, Brazzi L, Gattinoni L: Prone position in acute respiratory distress 
syndrome. Eur Respir J 2002, 20:1 01 7-1 028. 

8. Broccard A: Prone position, high-frequency oscillatory ventilation, and 
Hippocrates in acute respiratory distress syndrome. Crit Care Med 2005, 
33:2407-2408. 

9. Gattinoni L, Taccone P, Carlesso E, Marini JJ: Prone position in acute 
respiratory distress syndrome: rationale, indications, and limits. 
Am J Respir Crit Care Med 201 3, 1 88:1 286-1 293. 

10. Henderson AC, Sa RC, Theilmann RJ, Buxton RB, Prisk GK, Hopkins SR: The 
gravitational distribution of ventilation-perfusion ratio is more uniform 
in prone than supine posture in the normal human lung. J AppI Physiol 
(1985) 2013, 115:313-324. 

11. Abroug F, Ouanes-Besbes L, Dachraoui F, Ouanes I, Brochard L: An updated 
study-level meta-analysis of randomised controlled trials on proning in 
ARDS and acute lung injury. Crit Care 201 1, 15:R6. 
Sud S, Friedrich JO, Taccone P, Polli F, Adhikari NK, Latini R, Pesenti A, 
Guerin C, Mancebo J, Curley MA, Fernandez R, Chan MC, Beuret P, 
Voggenreiter G, Sud M, Tognoni G, Gattinoni L: Prone ventilation reduces 
mortality in patients with acute respiratory failure and severe 
hypoxemia: systematic review and meta-analysis. Intensive Care Med 2010, 
36:585-599. 

13. Guerin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, Mercier E, 
Badet M, Mercat A, Baudin 0, Clavel M, Chatellier D, Jaber S, Rosselli S, 
Mancebo J, Sirodot M, Hilbert G, Bengler C, Richecoeur J, Gainnier M, Bayle 
F, Bourdin G, Leray V, Girard R, Baboi L, Ayzac L, PROSEVA Study Group: 
Prone positioning in severe acute respiratory distress syndrome. 

N Engl J Med 2013, 368:2159-2168. 

14. Guerin C, Gaillard S, Lemasson S, Ayzac L, Girard R, Beuret P, Palmier B, Le 
QV, Sirodot M, Rosselli S, Cadiergue V, Sainty JM, Barbe P, Combourieu E, 
Debatty D, Rouffineau J, Ezingeard E, Millet 0, Guelon D, Rodriguez L, 
Martin 0, Renault A, Sibille JP, Kaidomar M: Effects of systematic prone 
positioning in hypoxemic acute respiratory failure: a randomized 
controlled trial. JAMA 2004, 292:2379-2387. 

15. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, 
McQuay HJ: Assessing the quality of reports of randomized clinical trials: 
Is blinding necessary? Control Clin Trials 1996, 17:1-12. 

16. Zhao JG: Identifying and measuring heterogeneity across the studies in 
meta-analysis. J Hand Surg [Am] 2013, 38:1449-1450. 

17. Deeks JJ, Macaskill P, Irwig L: The performance of tests of publication bias 
and other sample size effects in systematic reviews of diagnostic test 
accuracy was assessed. J Clin Epidemiol 2005, 58:882-893. 

18. Curley MA, Hibberd PL, Fineman LD, Wypij D, Shih MC, Thompson JE, Grant 
MJ, Barr EE, Cvijanovich NZ, Sorce L, Luckett PM, Matthay MA, Arnold JH: 
Effect of prone positioning on clinical outcomes in children with acute 
lung injury: a randomized controlled trial. JAMA 2005, 294:229-237. 

19. Gattinoni L, Tognoni G, Pesenti A, Taccone P, Mascheroni D, Labarta V, 
Malacrida R, Di Giulio P, Fumagalli R, Pelosi P, Brazzi L, Latini R, Prone- 
Supine Study Group: Effect of prone positioning on the survival of 
patients with acute respiratory failure. N Engl J Med 2001, 345:568-573. 

20. Voggenreiter G, Aufmkolk M, Stiletto RJ, Baacke MG, Waydhas C, Ose C, 
Bock E, Gotzen L, Obertacke U, Nast-Kolb D: Prone positioning improves 
oxygenation in post-traumatic lung injury-a prospective randomized 
trial. J Trauma 2005, 59:333-343. 

21. Mancebo J, Fernandez R, Blanch L, Rialp G, Gordo F, Ferrer M, Rodriguez F, 
Garro P, Ricart P, Vallverdu I, Gich I, Castaho J, Saura P, Dominguez G, Bonet 



Abbreviations 

ARDS: Acute respiratory distress syndrome; CI: Confidence interval; 
M-H: Mantel-Haenszel; MV: Mechanical ventilation; P/F: Ratio of partial 
pressure of arterial oxygen to inspired fraction of oxygen; PEEP: Positive 
end-expiratory pressure; PP: Prone positioning; RCT: Randomized controlled 
trial; RR: Risk ratio; SP: Supine positioning; Vt: Tidal volume. 



Hu et al. Critical Care 2014, 18:R109 
httpy/ccforum.com/content/l 8/3/R1 09 



Page 10 of 10 



A, Albert RK: A multicenter trial of prolonged prone ventilation in severe 
acute respiratory distress syndrome. Am J Respir Crit Care Med 2006, 
173:1233-1239. 

22. Chan MC, Hsu JY, Liu HH, Lee YL, Pong SC, Chang LY, Kuo Bl, Wu CL: Effects 
of prone position on inflammatory markers in patients with ARDS due to 
community-acquired pneumonia. J Formos Med Assoc 2007, 106:708-716. 

23. Fernandez R, Trenchs X, Klamburg J, Castedo J, Serrano JM, Besso G, Tirapu 
JP, Santos A, Mas A, Parraga M, Jubert P, Frutos F, Anon JM, Garcia M, 
Rodriguez F, Yebenes JC, Lopez MJ: Prone positioning in acute respiratory 
distress syndrome: a multicenter randomized clinical trial. Intensive Care 
Med 2008, 34:1487-1491. 

24. Taccone P, Pesenti A, Latini R, Polli F, Vagginelli F, Mietto C, Caspani L, 
Raimondi F, Bordone G, lapichino G, Mancebo J, Guerin C, Ayzac L, 
Blanch L, Fumagalli R, Tognoni G, Gattinoni L, Prone-Supine II Study Group: 
Prone positioning in patients with moderate and severe acute 
respiratory distress syndrome: a randomized controlled trial. JAMA 2009, 
302:1977-1984 

25. Gattinoni L, Protti A: Ventilation in the prone position: for some but not 

for all? CMAJ 2008, 1 78:1 1 74-1 1 76. 

26. Gattinoni L, Pesenti A: The concept of "baby lung". Intensive Care Med 
2005,31:776-784 

27. Cornejo RA, Diaz JC, Tobar EA, Bruhn AR, Ramos CA, Gonzalez RA, Repetto 
CA, Romero CM, Galvez LR, Llanos 0, Arellano DH, Neira WR, Diaz GA, 
Zamorano AJ, Pereira GL: Effects of prone positioning on lung protection 
in patients with acute respiratory distress syndrome. Ann J Respir Crit Care 
Med 2013, 188:440-448. 

28. Reutershan J, Schmitt A, Dietz K, UnertI K, Fretschner R: Alveolar 
recruitment during prone position: time matters. Clin Sci (Lond) 2006, 
110:655-663. 

29. Hozo SP, Djulbegovic B, Hozo I: Estimating the mean and variance from 
the median, range, and the size of a sample. BMC Med Res Methodol 2005, 
5:13. 

30. Greenland S, Morgenstern H: Ecological bias, confounding, and effect 
modification. Int J Epidemiol 1989, 18:269-274 



doi:1 0.1 186/ccl 3896 

Cite this article as: Hu et al.: The effect of prone positioning on mortality 
in patients with acute respiratory distress syndrome: a meta-analysis of 
randomized controlled trials. Critical Care 2014 18:R109. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^\ Ri^nHod rpntral 

www.biomedcentral.com/submit momea L.enTrai 



